ABSTRACT Objectives: Our primary objective was to describe the pulse oximetry discharge thresholds used by general and pediatric emergency physicians for well-appearing children with bronchiolitis and pneumonia, and to assess the related practice variability. Methods: This mail-in survey was conducted in August and September 2001 and included the 281 active members of the Pediatric Emergency Medicine Section of the American College of Emergency Physicians. The survey consisted of 2 case scenarios of previously healthy, well-appearing children: a 2-year-old with pneumonia and a 10-month-old with bronchiolitis. Respondents were asked about their years of experience, teaching load, percentage of children in their practice, whether they currently have a written departmental guideline at their institution, and the lowest pulse oximetry reading that they would accept and still discharge the patient directly home. Results: One hundred and eighty-two (65%) physicians answered the survey and met the inclusion criteria. The respondents' median oximetry value and interquartile range (IQR) for the pneumonia and bronchiolitis cases were 93% (92%-94%) and 94% (92%-94%) respectively. With the exception of the 3 physicians practising >1000 metres above sea level, the responses by subgroups were similar. Conclusions: There does not yet exist a safe, clinically validated pulse oximetry discharge threshold. Emergency physicians from this study sample have a modest degree of practice variability in a self-reported pulse oximetry discharge threshold. Emergency physicians may use this data to compare their own practice with that reported by this group.
Introduction
Young children present to emergency departments (EDs) every day with respiratory illnesses, and emergency physicians must decide whether or not to hospitalize them. One data point used in this decision-making process is the pulse oximeter reading. The pulse oximeter is now so commonly used that the readings it provides have recently come to be called "the fifth pediatric vital sign."
1 Although many factors enter into the decision to hospitalize a young child, as a general principle, hypoxic children should be hospitalized and others may be considered for discharge. Unfortunately, the pulse oximetry level that constitutes clinically meaningful hypoxia has not been established. In reviewing major emergency medicine textbooks for information on the minimal pulse oximetry value at which young children should be discharged from the ED, we found unreferenced recommendations that included: hospitalizing children with pneumonia and oxygen saturations <90%, 2 hospitalizing children with bronchiolitis and oxygen saturations <93%, 3 hospitalizing children with bronchiolitis and oxygen saturations <95% at sea level, 4 and "probably" hospitalizing "most children" with bronchiolitis and oxygen saturations <91%. 5 We surveyed a group of general and pediatric emergency physicians in an attempt to assess the pulse oximetry discharge thresholds used in clinical practice. We studied several factors that may impact the discharge threshold used by the respondents, including years of experience, patient volume and caseload, and involvement with physicians-in-training. In addition, because healthy children at higher elevations have lower baseline oximetry readings, [6] [7] [8] we attempted to assess the effect of practising at clinically important elevations above sea level. Our primary objective was to describe the pulse oximetry discharge thresholds used by general and pediatric emergency physicians, and to assess the related practice variability. The responses from this survey allow emergency physicians to compare their own clinical practice to that of our study group.
Methods

Subjects
The Pediatric Emergency Medicine Section of the American College of Emergency Physicians (ACEP) was surveyed based on a mailing list purchased from ACEP. The study group included practising emergency physicians who treat children in their clinical practice, and excluded medical students, resident physicians, nonpractising physicians, and those who do not use pulse oximetry for discharge decision-making. An initial email was sent to the group alerting them of an upcoming survey to arrive in the mail. A single-page survey and a cover letter were mailed to each member of the group. Four weeks later another email was sent out, and a follow-up mailing was sent to physicians who failed to respond. The surveys were numbered to track physicians who failed to respond to the second mailing, and to identify the elevation at which the respondents practise. Responders to these mailings were referred to as "early responders." Approximately one year later a convenience sample of 60 physicians who failed to respond to the mailings and had email addresses published in the ACEP 2002 Reference Guide and Membership Directory was surveyed by email. Responders to this email survey were referred to as "late responders." All others were referred to as "nonresponders." The identity of respondents was kept confidential, and this study was approved by our Institutional Review Board.
We recorded subjects' addresses and zip codes, then used standard reference sources (e. Sept 16] ) to determine the geographical distribution of the study group and the elevation above sea level for each respondent. The addresses used were preferred mailing addresses and may reflect the physicians' home or work address.
Survey items
Respondents were asked to estimate the percentage of pediatric patients in their clinical practice and describe their involvement in teaching resident physicians (i.e., generally seeing patients without residents, seeing patients and supervising residents, or supervising residents who see most of the patients). Respondents were also asked whether their department had a written protocol defining the minimum pulse oximetry reading at which children may be discharged from the ED, and to indicate their number of years in practice (0-5, 5-10, or more than 10). The two case scenarios presented in the cover letter described well-appearing children (Box 1). After each case, respondents were asked: "What is the lowest pulse oximetry reading that you would accept and still discharge this patient directly home?"
Data analysis
The distributions of the data from the case scenarios were assessed for normality using a one-sample KolmogorovSmirnov (K-S) goodness-of-fit test. 9 Data from both the pneumonia case scenario (z = 1.908, p = 0.001) and the bronchiolitis case scenario (z = 2.311, p < 0.001) were deemed to have non-normal distributions; therefore, results are reported as medians, ranges and interquartile ranges (IQRs) (25th to 75th percentile). 10 Statistical analyses were performed using SPSS 10.0 for Windows (SPSS, Inc. Chicago, Ill.).
Results
One hundred and eighty-eight (67%) of 281 physicians responded to the survey. Six respondents were excluded: 3 who no longer practise clinical medicine, 1 who refused to participate, 1 who reported not using pulse oximetry to make discharge decisions, and 1 who does not see children. The study group (n = 182) included 176 early respondents and 6 late respondents, representing a geographically diverse group throughout the United States. Responses were similar for early and late responders, and geographic distribution was similar for responders and nonresponders (Table 1) . Median pulse oximetry discharge thresholds for both clinical cases were 94% (IQR 93%-95%) in the Northeast and 93% (IQR 92%-94%) in all other regions. Figure 1 shows that the median pulse oximetry discharge threshold for a well-appearing 2-year-old with pneumonia was 93% (range 88%-98%; IQR 92%-94%). The most frequent response (mode) was 92%, and 86% of all responses were between 92% and 95%. Figure 2 shows that the median pulse oximetry discharge threshold for a well-appearing 10-month-old with bronchiolitis was 94% (range 88%-98%, IQR 92%-94%). The most frequent response (mode) was 94%, and 83% of all responses were between 92% and 95%. For both case scenarios, the responses from physicians with Prior to the emergency department visit, the child has taken no medications.
•
The child is well appearing, playful and well hydrated.
Feeding and urination are normal.
Immunizations are up-to-date and complete.
• Close follow-up is assured, and there are no suspicions of abuse or neglect.
1. You are seeing a 2-year-old who clinically and radiographically has pneumonia. The child has no past medical history and is in no respiratory distress. In considering discharging this patient home, a pulse oximetry reading is obtained.
2. You are seeing a 10-month-old boy who clinically has bronchiolitis. The child is initially wheezing but clears completely after a single 2.5-mg albuterol nebulized treatment. In considering discharging this patient home, a pulse oximetry reading is obtained. different practice characteristics were similar, with the exception of the 3 physicians practising at >1000 m elevation (Table 2) .
One hundred forty-five physicians (80%) gave the same pulse oximetry threshold for the 2 cases, but 24 (13%) gave a higher oximetry threshold for bronchiolitis, and 13 (7%) gave a higher pulse oximetry threshold for pneumonia. Seven respondents reported that they had a written department protocol for the pulse oximetry discharge threshold, and their responses ranged from 92%-95% (median = 94% for both cases). All but one of the respondents who report having written protocols used the same pulse oximetry threshold for the 2 cases.
Three physicians had mailing addresses at elevations greater than 1000 m above sea level (range, 1200 m-1650 m). Their pulse oximetry discharge thresholds ranged from 88% to 90%. Of all 182 respondents, only 3 had discharge thresholds below 90%, and 2 of these practised at greater than 1000 m above sea level. 
Discussion
These data suggest that most physicians report using pulse oximetry discharge thresholds of 92%-95% and that there is a modest degree of practice variability. Pulse oximetry has many characteristics that make it well suited to the care of children in the ED. Pulse oximetry is noninvasive and has been shown to correlate well with arterial blood gas measurements. 11 Oximetry data are reproducible and readily available in the ED. 12, 13 Unlike other important factors in clinical decision-making (e.g., work of breathing or parental reliability), pulse oximetry yields a reliable, objective number that can be used for trending over time.
The introduction of pulse oximetry to the ED has changed physician practice over the past 15 years. A pediatric ED study from the late 1980s showed that, in a group of 1100 wheezing children, physicians blinded to oximetry values discharged 17 (57%) of 30 hypoxic patients whose oximetry readings ranged from 83% to 88%.
14 This study was terminated after 5 months because pulse oximetry clearly influenced physician discharge decisions. More recent studies have shown that pulse oximetry influences physician decision-making, 1, 15 but that it does not correlate well with clinical examination findings or patient outcome. [16] [17] [18] [19] In our survey of physicians practising near sea level, all but 1 (99.5%) chose values >90% as the lowest pulse oximetry reading they would accept and still discharge a young child with a respiratory illness.
The oxyhemoglobin dissociation curve describes the relationship between hemoglobin oxygen saturation (SaO 2 ) and the partial pressure of arterial oxygen (PaO 2 ). 20 This curve has a sigmoid shape, such that at PaO 2 values over 60 mm Hg, there is relatively little change in SaO 2 with changing PaO 2 . Under normal circumstances, a PaO 2 of 60 mm Hg corresponds to a SaO 2 of 90%. But when PaO 2 drops below 60 mm Hg, there is a steep slope to the curve and a proportionately large drop in SaO 2 with falling PaO 2 . This is a critical physiologic relationship for physicians to understand, and it suggests there may be value in setting a threshold value that influences physician decisions. A PaO 2 of 60 mm Hg has been suggested, 11 and many use this level or an oxygen saturation <90% to define clinically important hypoxia in young children. While this is logical, we are unaware of any studies showing that the use of these criteria improves clinically important patient outcomes, and it is likely that many children in the "pre-oximetry" era were discharged home with saturation levels below 90%. 14 
Limitations
This survey had a 65% response rate, and it is possible that nonresponders may have been systematically different from responders. In addition, our study sample was drawn from a group who, by virtue of voluntary membership in a national subspecialty organization, have a high level of interest in pediatric emergency medicine. Their responses may differ from those of emergency physicians in general. Our survey has not been previously validated, and it did not assess the reasons that physicians select specific pulse oximetry thresholds. We assume that most physicians live and work at similar elevations, but it is possible that mailing addresses may not always accurately reflect the practice elevation. It is likely that physicians who practise at significant elevations use different oximetry discharge thresholds, but our sample included only a few physicians who practise above 1000 m sea level; therefore, we cannot make meaningful conclusions regarding this issue and it remains an area for future research.
Our study is the first to attempt to assess emergency physician practice variability in the use of pulse oximetry for discharge decisions. It suggests that most physicians use oximetry discharge thresholds of 92%-95% and that there is a modest degree of practice variability. Since no clinically validated, evidence-based oximetry discharge threshold has been identified, these data offer practising emergency physicians the opportunity to compare their own practice with that reported by this group. Further study is needed to determine whether a clinically validated, safe pulse oximetry discharge threshold can be established for children in the ED.
